Numerous experimental and clinical studies (1-18) have indicated that cortisone and adrenocorticotropic hormone (ACTH) induce striking involutionary changes in certain cellular elements of the lymphoid-macrophage system. The importance of these same elements in regulating the course of malaria (19) (20) (21) suggested that administration of the above hormones would modify significantly the normal pattern of this parasitic disease. The present report deals with an investigation of this possibility, and is concerned specifically with the effects of administration of cortisone on the course of Plasmodium cynomolgi infections in the rhesus monkey. These effects have been compared with those of splenectomy, a procedure which eliminates one of the most active segments of the lymphoid-macrophage system and produces profound changes in the courses of avian and primate malarias (22-31). The effects of cortisone on P. cynomolgi infections have also been correlated with the action of this hormone on the cellular elements of the spleen and on the lymphoid elements of peripheral blood.
tomized 30 days prior to inoculation. The remaining 6 received cortisone acetate intramuscularly, 3 at daily doses of 1 mg. per kg. and 3 at daily doses of 10 mg. per kg. Administration of this drug was started 2 days prior to infection and was continued for 50 to 55 consecutive days. All the monkeys were inoculated intravenously with approximately 500,000 trophozoites obtained by suitable dilution in saline of the blood of a "passage" monkey infected with the stock strain of P. cynomolgi. 2 A group of 14 rhesus monkeys was used in determining the effects of cortisone on the developed infection. The origin and weight range of these animals were the same as those of the first group. All 14 monkeys were inoculated intravenously with approximately 25,000 sporozoites? All animals developed patent infections 9 to 11 days after inoculation and thereafter displayed normal primary attacks with crises occurring 10 to 14 days after parasites first appeared in peripheral blood. These crises were followed by steadily declining parasitemias which reached a point 29 to 39 days after patency where parasites could be detected on thick films only after protracted searching. At this stage, termed here the developed infection or late primary attack, the monkeys were divided into various groups and treated as follows. Three of the animals served as untreated controls. Three were splenectomized. The remaining monkeys were given cortisone acetate intramuscularly in daily doses of 0.1, 1, 10, or 50 rag. per kg. body weight, 2 animals receiving each of these doses for 14 to 21 days. The same parasitological and histological techniques were employed in both of the above experiments. Parasitemias were measured daily (8:30 to 10:00 a.m.) using thick and thin blood films prepared from the marginal ear vein and stained with Giemsa. Depending upon the density of parasites, parasitemias were expressed either as the numbers of parasites per 100,000 erythrocytes, < 1 (i.e., fewer than 1 parasite per 100,000 erythrocytes but present on thick film), or negative (not detectable in a 15 minute search of a thick film). Hematological studies, employing conventional techniques, were carried out at 7 day intervals or more frequently during the course of the study, and at the time the monkeys were sacrificed. Special attention was given to the percentage distribution and morphology of the various leucocytes.
All monkeys were sacrificed at the end of the respective experiments, necropsies being performed immediately. The anterior and posterior lobes of the pituitary, thyroids, adrenals, spleen, axillary and inguinal lymph nodes were removed first, blotted free of blood, and weighed. After this, portions of these organs and of liver, kidney, pancreas, heart, lung, and cerebral cortex were fixed in Zenker-formalin. Suitable specimens were embedded in paraffin and sectioned, alternate sections being stained with hematoxylin-eosin or hematoxylin-eosin-azure II (Maximow) preparatory to microscopic study? Wright-stained smears of femoral bone marrow were also prepared and studied.
RESULTS

Effects of Cortisone on the Primary Infection
As shown in Text- fig. 1 , administration of cortisone did not alter the course of the ascending phase of the primary attack. Thus, the time required to reach 2 The strain of P. cynomolgi employed in this study was the Mulligan strain brought to this country during World War II and was obtained directly from Dr. Richard J. Porter, University of Michigan, Ann Arbor, in June, 1946 . Since that time it has been maintained by serial intravenous trophozoite passages through untreated rhesus monkeys at 5 to 6 week intervals.
3 These sporozoites were obtained by grinding the thoraces of infected Anopheles quadrimaculatus in a small volume of a 1 : 1 mixture of saline and normal monkey serum, sedimenting the gross particles by low speed centtifugation and subsequent dilution of the supernatant with additional serum-saline.
4 Although all the organs and tissues indicated above have been studied, this report will deal only with the observations on the spleen so as to minimize discussion of irrelevant or less significant findings. the crisis and the intensity of the parasitemia at the time of crisis were essentially the same in normal and in cortisone-treated monkeys. The hormone did exert significant effects, however, on the postcrisis phase of the infection. These effects were especially marked at a dosage of l0 rag. per kg. but were detectable at a dosage of 1 mg. per kg. Thus in the monkeys which received the larger dosage, the numbers of parasites in the blood were maintained near peak levels for 8 to 12 days after the apparent crisis. Subsequent to this there was a slow, irregular decline in parasitemia for a period of 12 to 16 days, this being followed by a second rise which in 1 monkey (40-39) reached a peak approaching the level of the original crisis. This sequence of events was strikingly similar to that in splenectomized monkeys but differed radically from that in normal infected monkeys. In the latter animals, the crisis was followed by a steady decline in parasite numbers, a point being reached after 16 to 20 days at which time parasites either were barely detectable or were too scanty to be detected by thorough thick film studies. These low parasitemias prevailed for another 10 to 14 days, and were then followed by seconda17 rises which, however, were not at all comparable in intensity to the secondary rises in cortisone-treated and splenectomized monkeys.
The average over-all parasitemia patterns of the various groups of monkeys have been summarized graphically in the upper section of Text- fig. 2 . This chart emphasizes the differences in reactions of cortisone-treated and control animals, the influence of cortisone dosage, and the striking similarity in reactions of splenectomized monkeys and those receiving 10 mg. per kg. doses of cortisone.
It should be noted that the morphology of the malaria parasite and the periodicity of the asexual cycle did not appear to be altered by the administration of cortisone.
Effects of Cortisone on the Developed Infection
As shown by the data in Text- fig. 3 , cortisone in daily doses of 0.1 or 1 mg. per kg., had no more than questionable effects on the course of the developed disease. Striking and unequivocal effects were produced, however, by doses of 10 and 50 mg. per kg. Such treatment provoked relapses of considerable severity and of a pattern closely similar to that which followed splenectomy. It should be noted, however, that the parasitemias developing in response to cortisone administration were less intense than those which prevailed at the crisis of the primary attack, whereas in 2 of 3 splenectomized monkeys, the parasitemias postsplenectomy were actually more intense than those which prevailed at the peak of the presplenectomy disease.
The graph in the lower section of Text- fig. 2 summarizes the above described effects of cortisone on the developed infection. The influences of the larger doses of this hormone and of splenectomy are especially striking when the comparison is drawn at parasite densities of 10 or more per 100,000 erythrocytes. Such parasitemias prevailed in control animals for only 8 per cent of the observation period as contrasted with 47 and 58 per cent prevalences in the groups of monkeys receiving 10 and 50 mg. per kg. doses of cortisone, and a 70 per cent prevalence in the splenectomized animals. 
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Effects of Cortisone on the Lymphoid Elements of Peripheral Blood (a) Primary Infection.--The total numbers of leucocytes varied widely in untreated control monkeys, those treated with cortisone, and those splenectomized. These variations together with the small numbers of animals studied make it impossible to draw definite conclusions as to the effects of the hormone on the sequence of changes in leucocyte numbers which usually occurs in untreated infections with P. cynomolgi. Administration of cortisone, at either 1 or 10 mg. per kg. doses, did lead, however, to significant alterations in the pattern of distribution of various leucocytes. In the untreated infections, in either normal or splenectomized monkeys, the period immediately after the crisis was associated with large influxes into the peripheral blood of small and medium sized lymphocytes and larger mononuclear cells many of which were actively phagocytic. This sequence of changes contrasted strikingly with that which occurred in the monkeys receiving cortisone. In these animals lymphocyte numbers were already reduced at the onset of infection, presumably as a consequence of 2 days' pretreatment with the hormone. A small increase in lymphocyte numbers occurred as the infection developed, but in no instance did the crisis evoke an outpouring of these cells of the magnitude or quality which occurred in the untreated normal and splenectomized animals. It is noteworthy that a striking influx of the large mononuclear phagocytic cells did occur in 3 of the 6 cortisone-treated monkeys. This influx was significantly less, however, than that which occurred in either normal or splenectomized animals.
Comparison of the lymphocyte:neutrophile ratios at various stages of the infection emphasizes the findings outlined above. As shown in Text- fig. 1 , the initial lymphocyte:neutrophile ratios in the cortisone-treated monkeys were usually less than 0.5; development of the infection led to some increase in this ratio but only rarely above 1 and in no instance above 2. In marked contrast to this, the initial ratios in untreated normal monkeys approximated 1, decreased slightly at the onset of parasitemia, then increased as the infection developed, reaching levels of 4 to 8 in the postcrisis period. A similar reaction pattern occurred in the splenectomized monkeys; however, the initial ratios in these animals were uniformly above 1.
(b) Developed Infection.--With the larger doses of cortisone, the effects on the lymphoid elements of peripheral blood were as striking in the developed infection as in the primary attack. A prompt and persistent decrease in numbers of circulating lymphocytes occurred in the monkeys which received 10 or 50 rag. per kg. doses of cortisone (Text- fig. 4 ). Lymphocyte proportions in these animals declined from pretreatment levels of 44 to 63 per cent to treatment levels ranging from 8 to 21 per cent. Unlike the response in the primary infection, a significant decrease in lymphocyte proportions also occurred after splenectomy. This decrease in the splenectomized monkeys was not as great as in the cortisone-treated animals and was followed in the latter part of the observation
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TexT-Fro. 4. The effects of administration of cortisone and splenectomy on the distribution of lymphocytes in peripheral blood during the developed infection.
period by a marked influx of medium and larger sized lymphocytes not unlike those which had appeared in the primary attack. In control animals and in those receiving 0.1 and 1 mg. per kg. doses of cortisone, the proportions of lymphocytes varied within rather narrow limits throughout the observation period.
It should be noted here that administration of cortisone, in either the primary attack or in the developed infection, did not effect consistent or significant alterations in the numbers of eosinophiles in peripheral blood.
Effects of Cortisone on the Weights of the Spleen, Axillary and Inguinal
Lymph Nodes (a) Primary Infection.--It has been observed repeatedly in primate malarias that the various lymph nodes and particularly the spleen hypertrophy during the acute phases of the disease. These hypertrophic changes did not occur in monkeys which received cortisone in doses of 10 rag. per kg. The splenic weights of animals so treated were on the average only 56 per cent of those of the untreated infected controls and were no greater than those of normal uninfected animals ( Table I ). The effects of the hormone on the lymph nodes were even more striking, the weights of nodes from treated monkeys approximating onethird the weights of nodes from untreated animals. In contrast to the above result, cortisone at doses of 1 mg. per kg. had little effect on the weights of the spleen and lymph nodes.
(b) Developed Infection.--The effects of cortisone administered during the developed infection were complicated by the hypertrophic changes which had been evoked by the preceding primary attack. These complications notwithstanding, it is obvious that 10 and 50 rag. per kg. doses of cortisone produced striking effects on splenic size (Table I) . Thus despite the acute exacerbation of the disease which occurred in the hormone-treated monkeys, the spleens of these treated animals were significantly smaller than those removed from untreated animals at the stage of the disease which coincided with initiation of cortisone treatment (cf. splenic weights from cortisone-treated and splenectomized monkeys, Table I ). Moreover, the weights of the spleens of the treated monkeys were no greater, and in some cases significantly less, than those of the untreated animals in which the disease had remained quiescent (cf. splenic weights from treated and control monkeys). Cortisone treatment also reduced the size of the lymph nodes; however, this effect was not as striking in the developed infections as in the primary attacks.
It should be noted here that administration of cortisone during either the primary attack or developed infection did not significantly affect the weights of the anterior or posterior lobes of the pituitary, thyroids, or adrenals.
Effects of Cortisone on the Structure of the Spleen
The administration of cortisone produced profound changes in the structure of the spleen (cf. Figs. 1 to 14) . * These monkeys were splenectomized prior to infection. Therefore, the splenic weights are indicative of those of normal uninfected animals.
:~ These monkeys were splenectomized prior to the start of the experiment, but at the end of the primary attack. The splenic weights are, therefore, indicative of those which prevailed at the beginning of the experiment in all the other animals. Doses of 10 rag. per kg., given during the primary attack, led to almost complete atrophy of the splenic nodules and to nearly as striking involutionary changes in the lymphoid elements of the splenic pulp. Doses of 1 mg. per kg. affected the follicles irregularly, some being reduced in size and activity, whereas others were in no way different from those of untreated infected animals. These smaller doses did not significantly alter the structure of the splenic pulp. The effects of cortisone administered during the developed infection were in general similar to the effects in the primary attack being modified, however, by the shorter period of hormone treatment and certain hypertrophic changes which were doubtless the result of pre-existing malaria. Doses of 50 mg. per kg. had no greater effect on splenic structure than doses of 10 mg. per kg. Doses of 0.1 and 1 rag. per kg. evoked variable reactions in the splenic nodules similar to those which occurred in the primary attack. The low power photographs of entire spleen sections, presented in Figs. 1 to 6 , give a general conception of the pattern of response to administration of cortisone.
The discrete effects of the hormone on the structure of the spleen and the cellular responses of this organ to malaria infection deserve more detailed comment. In order to interpret these effects, however, attention should be drawn briefly to the structure of the normal monkey spleen and to the effects of malaria thereon.
No attempt will be made here to make this description complete for these subjects have been dealt with systematically and at some length by other workers (19) (20) (21) . The 3 normal spleens examined in the present study (those removed from monkeys 39-43, 39-44, and 39-55, 30 days prior to infection) presented a remarkably consistent picture. Splenic nodules were large, comparatively uniform in size and relatively close together. At their greatest dimensions germinal centers occupied approximately four-fifths of each nodule. Medium sized lymphocytes were the predominant cell type; however, numerous small and large lymphocytes and a few prom inent reticular cells were present. The number of mitotic figures in the various centers ranged from 4 to 14. Germinal centers were surrounded by densely packed zones of small lymphocytes which in turn merged into the splenic pulp (Fig. 7) . The pulp presented a picture of broad sinusoids filled with erythrocytes. The lining cells of the sinusoids were as a rule low (Fig. 11) . There was but little proliferative activity of the various lymphoid elements within the pulp.
The cellular changes in the spleens of all 6 monkeys with untreated infections were qualitatively similar. From a quantitative viewpoint, however, there were moderate structural variations, apparently related to the duration and intensity of the parasitemia during the primary attack and the activity of the infection at the time the animals were sacrificed. In general the splenic nodules of the infected animals were larger and more widely separated than those of the normal controls. The germinal centers were invariably hyperactive and contained from 2 to 5 times as many actively dividing lymphocytes as were present in normal monkeys; it was not uncommon to find 30 to 40 mitotic figures within a single center. Medium and large sized lymphocytes far outnumbered the small lymphocytes, both in the germinal centers and in the outer transitional zones (Fig. 8) . Numerous enlarged reticular cells were present, some of which contained fine golden-brown granules resembling malaria pigment. Occasional germinal centers and the transitional zones of many nodules contained large macrophages filled with masses of malaria pigment. In a considerable proportion of the centers there was a pale-blue finely granular background substance (Maximow) the nature of which has not been determined. The compact hypertrophied splenic pulp of the untreated infected monkey presented a picture which was in marked contrast to that of the normal spleen. Sinusoids were greatly increased in size; the lumina contained comparatively few erythrocytes and like the remainder of the pulp were filled with small and medium sized lymphocytes, typical monocytes, plasma cells, huge macrophages containing malaria pigment, and numerous large cells of a transitional type. Many actively dividing medium sized lymphocytes were present. The lining cells of the sinusoids were greatly enlarged, and had nuclei which bulged out into the lumina (Fig. 12) . Many of the reticular cells of the pulp were actively phagocytic. In numerous instances pigment masses were encountered which were so large as to preclude determining whether they were deposited or intracellular material.
The effects of administration of 10 or 50 mg. per kg. doses of cortisone on the above pictures were astounding. In the animals which received 10 mg. per kg. doses during the primary attack, the splenic nodules exhibited extreme atrophic changes, an example of which is presented in Fig. 9 . Germinal centers were almost completely absent. The cellular components of the nodules comprised a moderate number of small lymphocytes compactly arranged, scattered large and medium sized lymphocytes, hypertrophied reticular cells with fine pigment, and numerous large macrophages with heavy masses of pigment. Proliferative activity within the splenic nodules was essentially non-existent, there being only 7 mitotic figures in an entire section of the spleen of monkey 40-39. The above changes in the splenic nodules were associated with equally striking reactions in the pulp (Fig. 13) . The sinusoids contained tremendous macrophages some of which were nearly filled with masses of malaria pigment, others of which contained infected and non-infected erythrocytes. These enormous macrophages were far more numerous than in the untreated monkey. Other types of cells both in the pulp and sinusoids were greatly diminished in numbers. Lymphocytes were especially sparse. Occasional areas of the pulp contained significant numbers of polymorphonuclear neutrophiles. The lining cells of the sinusoids were unusually flat; very few exhibited evidences of phagocytic activity.
Probably as a consequence of pre-existing malaria certain modifications of the above reactions were noted in the spleens of monkeys given 10 or 50 mg. per kg. doses of cortisone during the developed infection. The splenic nodules exhibited striking atrophic changes, but in general were larger and more variable in size than the nodules of monkeys treated during the primary attack. The majority of these nodules had pale centers, not typical germinal centers, however, for there were no evidences of proliferative lymphoid activity therein (Fig. 10) . These centers contained some small lymphocytes and a few macrophages with malaria pigment. However, hypertrophied reticular cells with greatly enlarged nuclei were the predominant cell type; some of these contained fine golden-brown pigment. The transitional peripheral zones of these nodules did exhibit some activity, containing significant numbers of medium and large sized lymphocytes, plasma cells, prominent reticular cells, and fixed macrophages with malaria pigment. The splenic pulp presented the picture of a compact cellular mass (Fig. 14) . Comparatively few erythrocytes were present. Huge pigment masses were scattered throughout the pulp; as in the primary attack it was not possible to determine whether this material was deposited or intracellular. Many smaller masses of pigment were definitely located in macrophages, some of which were in the sinusoids, others in the pulp. Developing macrophages were few in number. Where the lining cells of the sinusoids could be adequately visualized, they were fiat and inactive. Plasma cells were far more numerous in these animals than in any other group. Few lymphocytes of any type or size were present and there was a complete absence of proliferative activity. Considerable numbers of polymorphonuclear neutrophiles were scat: tered throughout the pulp; these cells exhibited no detectable phagocytic activity.
The cellular changes in animals which received 1 mg. per kg. doses of cortisone during the primary attack or 0.1 or 1 rag. per kg. doses during the developed infection did not follow a consistent pattern. In general there were few if any significant changes in the splenic pulp. The splenic nodules exhibited diverse pictures. The majority were in a state of hyperactivity comparable to that found in the untreated infections. A small proportion of nodules were clearly atrophic although in no instance were they as severely affected as those of animals receiving the larger doses of cortisone.
General Effects of Cortisone
Inasmuch as the effects of administration of cortisone on the rhesus monkey have not been described heretofore, brief mention of the general reactions of the animals to such treatment seems indicated. A compact summary of the effects of the hormone and superimposed malaria is presented in Table II . Whereas it is impossible in this work to dissociate completely the effects of cortisone from those of malaria, the data available suggest that 10 mg] per kg. doses administered over a protracted period would be the maximum tolerated intake of this hormone.
DISCUSSION
Interpretation of the effects of cortisone on P. cynomo/gi infections requires brief consideration of the processes which normally determine the course of primate malaria. Critical analysis of these processes by Taliaferro and coworkers (19) (20) (21) has indicated that the early or ascending phase of the primary attack is regulated by factors grouped together under the term "innate immunity," while the immediate precrisis, crisis, and postcrisis phases of the disease are controlled by what has been designated "acquired immunity." The factors involved in "innate immunity" include both the non-specific cellular defenses of the host and the intracellular environment provided for the parasite. These processes govern death or survival of the parasite thus determining the establishment of the infection, the rate of increase, and to some extent the height of the parasitemia. Severe anemia after crisis (day 12); persisted through day 30. Significant weight loss on day 13; increased progressively. Marked weakness and lethargy; severe diarrhea. Condition critical at end of experiment. Severe anemia after crisis (days 12 to 27); gradual recovery. Significant weight loss on day 26; increased progressively. Condition poor at end of experiment. Severe anemia after crisis (days 13 to 28); gradual recovery. Marked weight loss on day 19; increased progressively. Severe muscular weakness, lethargy, and edema. Condition critical at end of experiment.
Severe anemia and moderate weight loss after crisis (days 15 to 27). Steady recovery thereafter. Condition excellent at end of experiment. Severe anemia and slight weight loss after crisis (days 15 to 27). Steady recovery thereafter. Condition excellent at end of experiment. Severe anemia after crisis (days 15 to 29). Gradual improvement to day 45, then recurrence of anemia; terminally 1.64 X 10 s rbc/cmm. Otherwise condition good at end of experiment. No untoward reactions. Condition excellent at end of experiment.
No untoward reactions. Condition excellent at end ot experiment.
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Anorexia noted on day 8. Slight but progressive weight loss thereafter. Condition good at end of experiment. Anorexia noted on day 7. Moderate but progressive weight loss. Condition good at end of experiment.
Marked anemia noted 14 days after splenectomy. Aside from this, condition good at end of experiment. No untoward reactions. Condition excellent at end ot experiment.
specifically stimulated cellular defense mechanisms and inadequately characterized but nonetheless present humoral mechanisms. Judged by the morphological changes in the parasite, the latter mechanisms first come into play immediately before the crisis, are most active at the time of crisis, and according to the studies of Coggeshall and coworkers (32) (33) (34) are present during the chronic stages of the infection. The activities of specifically stimulated cellular defense mechanisms are also evident in the immediate precrisis period, reach a height just after the crisis, and persist at significant levels throughout the chronic stages of the disease. These cellular defenses constitute specifically stimulated macrophages which in part arise from fixed connective tissue cells but for the most part originate from free connective tissue and blood cells, and more specifically from lymphocytes. Systematic serial studies by Taliaferro and Mulligan (20) have demonstrated that the lymphoid elements of the spleen play the predominate role in this cellular defense process. The various lymph nodes stand next in importance, while lymphoid elements of all other organs appear to have minor significance. The current studies on primary infections with P. cynomolgi show that the establishment of this disease and the progressive increase in parasitemia follow the same pattern in untreated and cortisone-treated infections. This plainly suggests that the hormone did not alter the "innate immunity" of the monkey. ~ The observations that administration of cortisone did not affect the time required to reach the crisis, the intensity of the parasitemia at the crisis, or the morphological changes in the parasite associated with the crisis, likewise indicate that the hormone did not significantly alter the humoral aspects of "acquired immunity." It would appear, therefore, that the reduced ability of cortisone-treated monkeys to control the postcrisis phases of the peripheral blood parasitemia rested upon a deficiency in the activity of specific cellular defense mechanisms.
The above explanation finds general support in numerous reports (1-18) on the inhibitory effects of cortisone and ACTH on various cellular proliferations. More specific support is provided, however, by the histological studies on the spleen presented in the current investigation. These studies have shown that doses of cortisone, which increased the intensity of the malaria infection, effected a profound reduction in proliferative lymphoid activities within the splenic nodules and pulp. This action of the hormone effectively reduced or eliminated what is believed to be the major source of new macrophages involved in the phagocytosis of parasitized erythrocytes and the consequent regulation of parasitemia (19) (20) . Since current studies suggest that the hormone affected proliferative activities in spleen and lymph nodes similarly, both the prime and second most important reservoirs for cellular defense were inhibited or eliminated.
Although the discussion has been limited thus far to the effects of cortisone on primary infections, a similar explanation would seem to apply to the chronic infections where recrudescences of considerable severity followed administration of appropriate doses of the hormone. It is generally believed that spontaneous recrudescences, usually characterized by low grade parasitemias, result 5 It has been reported recently (35) , that administration of ACTH leads to intensification of the parasitemia during the ascending phases of P. knowlesi infections in the rhesus monkey and P. vivax infections in man. Since the details of this study have not been presented, it is impossible to offer a critical evaluation of these apparently divergent findings. from periodic reductions in the activities of the cellular defenses noted above. Several investigators (28) (29) (30) (31) have shown, however, that recrudescences of considerable severity can be precipitated by splenectomy, a procedure which effectively reduces the bulk of lymphoid tissue specifically involved in the defense against malaria. As shown by the histological preparations, administration of cortisone in the chronic infection produced a striking reduction in the proliferative activity of the lymphoid elements of the spleen. This inhibition was probably sufficient to give rise to recrudescences similar in intensity to those evoked by surgical removal of the spleen.
It seems important to emphasize that in both the primary and chronic infections histological examinations indicated that the administration of cortisone did not block phagocytic activity. These studies showed that intensive phagocytosis of parasitized erythrocytes occurred in the splenic pulp of monkeys which received the hormone. In so far as individual cells were concerned, phagocytic activity in the cortisone-treated infections was at least as great as that in the untreated infections. This finding is additional evidence for the thesis that the effects of cortisone on P. cynomolgi infections reside in the reduced production of macrophages from lymphoid element precursors.
It is worth noting that the general findings in primate malaria, as outlined in the present study, seem to be wholly compatible with the majority of observations on the effects of cortisone and ACTH on other experimental and human infections. The fact that cortisone does not alter the course of acute or overwhelming infections with the pneumococci, ~-hemolytic streptococci, or influenza virus (36) (37) (38) , is consistent with the concept that cortisone does not alter "innate immunity." On the other hand the observations that administration of cortisone accelerates or intensifies the development of more chronic diseases such as experimental pneumococcal or streptococcal pneumonia (39), subacute streptococcal infections (40) , tuberculosis (41) (42) (43) (44) , brucellosis (45) , syphilis (46) , and trypanosomiasis (47) is equally compatible with the concept that cortisone interferes with the production of specific cellular defenses by blocking the normal production of macrophages from lymphocytes. 6 The only experimental data thus far available which do not obviously fall into the pattern outlined above are those which deal with effects of cortisone on development of poliomyelitis in the hamster (48) and Coxsackie virus infections in the mouse (49) .
In conclusion, it should be pointed out that at least part of the significance of the present study rests on the demonstrated utility of chronic infections with .P. cynomolgi for explorations of the mechanisms of action of cortisone in various infectious processes. The fact that modifications in the intensity of the disease can be measured easily by examination of peripheral blood is especially im-6 Consideration of the influence of cortisone or ACTH on antibody production has been purposely omitted because of the current uncertain status of this problem. portant where systematic serial studies are desired. Equally important is the fact that the ultimate disposition of the parasite takes place in relatively few organs and can be detected by conventional histological techniques. This makes it possible to determine with considerable precision both the qualitative and quantitative influences of the hormone on the Various cellular elements involved in control of the disease. Finally the fact that the work can be performed in a primate whose reactions bear close resemblance to those of the human subject should have much to offer over the more common use of rodent material.
SUMMARY
Studies have been made of the effects of cortisone on the course of primary and developed infections with P. cynomolgi in the rhesus monkey. This investigation has shown that repetitive administration of the hormone in daily doses of 10 rag. per kg. during the primary attack produced striking intensification of the peripheral blood infection during the postcrisis phases of the disease. Similar administration of 10 or 50 rag. per kg. doses of the hormone during the chronic or latent stages of the infection provoked recrudescences of remarkable severity. In both early and late infections the responses induced by cortisone treatment corresponded closely to the reactions to splenectomy.
Collateral studies have shown that the doses of cortisone which produced the reactions described above also evoked a lymphopenia, marked reductions in the sizes of the axillary and inguinal lymph nodes and spleen, and striking histological changes in the latter organ. These changes involved severe regression or exhaustion of lymphoid elements in both splenic nodules and pulp with almost complete obliteration of proliferative activities involved in the production of macrophages from lymphocytes. Indications are that the resulting reduction in supply of macrophages, rather than inhibition of phagocytic activity per se, was responsible for the intensification of the disease produced by cortisone. BIBLIOGRAPHY 
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